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CP Violation

x CP Violation arises in the Standard
Model as both direct and indirect

» |ndirect CPV discovered in 1964 in
neutral Kaons here at Brookhaven

x Direct CPV discovered also in heutral
Kaons In the 90’s at CEBN-and Fermilab

» Shortly thereafter CPV- also discovered in
Ba and By system by BaBar and Belle

= Currently CPV in B mesons is being
studied

= CPV could explain the matter/anti-matter
imbalance that we observe today %



The LHCb Detector Seav

LHCDb is a single arm spectrometer
in the forward dlrect|on Wlth PID

(2011 dataset: 1 o1, Eom = 7 TeV. ]

* ge COIIlSlons at LHG

2012 dataset. 2 o). Ean = 8 ToV.
pp collisions at LHC

Interactionont

Vertex l.ocator
RIC

See Paras’ or Tim’s talk for more details or



CPV N Bs— KTt

of direct
CPV iNn Bs mesons! (6.50)

x Also improved measurement of
CPV for BY—=Krt (10.50)

» Expected CPV in BYand Bsis
found, to experimental precision

Candidates / (10 MeV/c 2
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/'\_ Penguin and Tree diagrams
R contribute to this interference

-----

First Observation

Acp(B) — K~ 7)) = 0.27 4 0.04(stat) & 0.01(syst)

arxiv:1304.61/7/3 =



bs from Bs—=J/D(pp) OKK)

x [he Standard Model makes a precise prediction of ®s

x Mixing angle, ¢s, can be measured with the above decay

e B Bs \ /)' fep J/AP T
Bs can oscillate toﬁs;a Om
box diagram + others / Bs "o Os = Pm+20D
Vib V™
s e ¢3 " = —0.0364 £ 0.0016 rad
e VV §W+ °  Because the SM is so Orecise here, we are
i | sensitive to the possibility of

Vts th

appearing

¢S = ¢§M %@

arXiv:1304.2600 s



bs from Bs—=J/WUb hh

® \ery clean measurement
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x sPlot and multidimensional fit
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bs from Bs—J/U hh

x Signal PDF is a function of decay
time and helicity angles

= \/V final state

lelicity Angles used to
describe the decay angles

K

N
\

Candidates / 0.067
Candidates / 0.067

arXiv:1304.2600



Bs—J/U hh Results

Combined KK & Tt results

0.01 =+ 0.07 (stat) & 0.01 (syst) rad,
— 0.661 + 0.004 (stat) + 0.006 (syst)

Systematics:
$s:- angular acceptance
Al -bkg, T acceptance

= 0.106 £ 0.011 (stat) £ 0.007 (syst)
IA| = 0.93 + 0.03 (stat) 4+ 0.02 (syst)

025LHCb 10fb +CDF 9.6fb~"+DO 8fb~ +ATLAS 49fb

Compatible

68% CL contours

‘ (Alog L =1.15) Wltq m
LHCb

<——J/L|) KK CP Violation
IN decay

arXiv:1304.2600 s



Measuring y in B.—= D% decays

® C
(50) Gronau, London, Wyler (GLW)
o DOK- <De fo = KK, rimt (CP eigenstate)
_ ] Atwood, Dunietz, Soni (ADS)
B foK fo = K, K, Krtrrt
B i o~ Giri, Grossman, Soffer, Zupan
OK- (O-v)
DK ~[ge"\ B (GGSZ), Self conjugated Dalitz modes, Kshh
fD:DO SKn . K n" KK, n, %

Koon, KKK, Ko : o



GLW&ADS: B—DO(hh)h

x Simultaneously fit to 16 B mass plots to extract the ratios
(B-—=D°K/B-— D), and charge asymmetries (B*/B’)

®x / ratlos + 6 aymmetries: 13 parameters

[ e N PR, £ . 2

Acp: = 0.145 4 0.032 & 0.010

Direct CPV (5.80) %;?
LHCb-PAPER-2012-001 10



ADS: B-—DYKmh-

x» DO KTt is doubly Cabibbo suppressed

x» ~100 candidates in 1 fo " of data (=100)
Axpsiry = =052 015 4 0.02

ADS
fo=Kr, K

m(Dh*) (MeV/c?) W

LHCb-PAPER-2012-001 1



ADS: B = DYKnmmh

" of these decays (5.10)

x Measure CP asymmetries and ratios

ry = 0.097 £0.011
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GGSZ: B—DO(Kshh)h

x Model independent, making no ., PR e
assumptiOnS abOUt StrOng phase in L;)L?lilfr%cld combinatorics

D decay, uses CLEO-¢ 0 o ot
measurement Of this aS an inpu-t 1 Partially reconstructed

x Binned Dalitz analysis 3500

m[(K (8)7[”7[_) , K 1 (MeV/c?)

x Kttt Dalitz plane
divided into 8x2 bins,
KsKK INto 2Xx2 bins

(GeV?/c%)
[ ¢ ]
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6 3
s é &
= it for ratios and s
asymmetry 3 &

2

parameters 1

2 3
m? ( GeVZ/c?)

LHCb-PAPER-2012-027 13
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Combined B—=D%h results

® Freguentist statistical approach used to compbine the
measured observables from B2 DK analyses

x Assume Gaussian uncertainties of input observables
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LHCb-CONF-2013-006 14



Conclusions, Looking Forward

®s measured as 0.01+0.07+0.01 rad.

Y measured as 67°+12°

First Observation of Direct CPV:in Bs? decays

2011 data setis analyzed, 1o

2012 data set is being analyzed now, an additional 2 fo™
What's next’? More Data, More Modes, Exciting Results!

See also talks by Tim, Paras, and Cedric

@Cé Thank you!
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